Isolation of specific cell types allows one to analyze rare cell populations such as stem/progenitor cells. Such an approach to studying inner ear tissues presents a unique challenge because of the paucity of cells of interest and few transgenic reporter mouse models. Here, we describe a protocol using fluorescence-conjugated probes to selectively label LacZ-positive cells from the neonatal cochleae.
1. Prepare dissection microscope under hood by wiping surfaces with 70% ethanol and setting out ice blocks. 2. Prepare 10-15 35 mm Petri dishes under sterile condition and fill half-way (~2 ml) with sterile Hank's Balanced Salt Solution with Calcium (HBSS). 3. Prepare two 35 mm Petri dishes under sterile condition and fill half-way (~2 ml) with sterile 1x phosphate buffered solution (PBS). 4 . Sterilize micro-forceps in 50 ml conical Falcon tube with 70% ethanol. 5. In a separate room from the sterile hood, use iris scissors to decapitate 12-15 postnatal (P) 0-3-day-old Axin2 LacZ/+ reporter mice and place heads onto a 60 mm Petri dish on ice block. 6. Using #5 Dumont forceps and iris scissors, excise the mandible and tongue and cut through the skull base at the level of the palate. 7. Remove the overlying skin of the calvaria and transect the skull base by inserting the scissors at the inferior part of the foramen magnum to the middle of the palate. 8. Make another incision with iris scissors from the cut edge of the palate to the superior aspect of the calvaria on both sides, being careful not to damage the otic capsule. 9. Complete isolation of the temporal bone by making two 45-degree angled incisions starting from the superior aspect of the foramen magnum extending to the coronal cut at the hard palate. 10. Place isolated temporal bones in 35 mm Petri dishes containing HBSS on ice block. 11. Collect temporal bones from about 12-15 animals that have been sacrificed, for a total of 24-30 temporal bones. 12. Transfer Petri dish with isolated temporal bones to previously prepared sterile dissection hood (1.1). 13. Transfer four temporal bones to each pre-prepared 35 mm Petri dish containing HBSS (1.2) and place on ice block. 14. Begin microdissection using two #55 forceps to gently remove the cortex, brain stem, and cerebellum in the temporal bone overlying the otic capsule. 15. Without removing the otic capsule, chip away from parts of the cochlear capsule beginning at the entrance of the vestibulocochlear nerve into the otic capsule. 1. We use a BD Aria II equipped with 488-nm, 633-nm, and 407-nm lasers. Detection of CUG was done using the 407-nm violet laser and PI using the 488-nm blue laser at the Stanford Shared FACS Facility. 2. A trained flow cytometer operator is required. Proceed to the next step after warming up the lasers, calibrating the cytometer detectors using manufacturer instructions, and setting optimal sorting parameters. In our experience, we found the use of a 100 μm nozzle optimizes cell viability for subsequent experiments. 3. The following parameters were used: threshold at 5,000 events, flow rate less than 3,000 events/second, forward scatter (FSC) at 125 volts and side scatter (SSC) at 250 volts, PE-Cy5 channel was used for PI and Cascade Blue for CUG. 4. Flush cytometer chamber with 70% ethanol and PBS twice each in that order. 5. Begin analysis with unstained, wildtype cells (tube A in Step 2.15). Collect 1,000 events to determine cell distribution on the FSC versus SSC plot. If scatter is not desired, then adjust FSC and SSC parameters. 6. Perform compensation using unstained WT (tube A), PI-stained WT (tube B), and CUG-stained Axin2-LacZ (tube D) cells. Compensation will allow for more accurate signal discrimination among the different laser wavelengths. 7. Start analysis with wildtype PI-and CUG-stained cells (tube C) and set gating parameters for:
a. 
Representative Results (see Figure 2):
With the above protocol, we typically recover 40-45% debris-free cells from both the wildtype and Axin2 LacZ/+ cochleae (Figures 2A and B) , with about 70% of them free of doublets (see Figures 2A' and B' ). Most sorted cells are viable and did not take up PI (~95%) (Figures 2A'' and B'' ). On average, the top~20% CUG-positive cells are considered Axin2-LacZ-positive cells ( Figure 2B ''') and correlate to about 15,000 Axin2-LacZ-high cells per 10-12 animals.
Flow cytometry re-sort analysis of Axin2-high cells revealed greater than 93% purity in the Cascade Blue channel. In order to further confirm the identity of these cells, we performed post-sort immunostaining of both Axin2-high and Axin2-low cells using anti-β-galactosidase antibodies, and found that the Axin2-high cells contained~93.4% β-galactosidase-positive cells (greater than 1,500 cells analyzed) and that Axin2-low cells contained~4.8% β-galactosidase-positive cells.
Figures and Tables: Figure 1 .Experimental paradigm. The above figure depicts the overall experimental strategy and techniques as described through the protocol section. Cochleae from wildtype and Axin2 LacZ/+ mice are harvested and dissociated into single cells, which were then treated with CUG, a fluorescent substrate for β-galactosidase. Axin2-LacZ-high and -low cells were then separated out via flow cytometry. Click here to view a full-sized version of this image. 
Discussion
Independent research studies have characterized limited regenerative capacity within the neonatal cochleae 2, 10, 12, 13 . Using a GFP-reporter mice and flow cytometry, White and colleagues isolated specific cochlear supporting cells and found them to have progenitor cell characteristics 12 .
The canonical Wnt pathway has been demonstrated to mark stem/progenitor cell populations in multiple organ systems including the brain, mammary gland, hematopoietic system, skin, and gastrointestinal intestinal crypts. Recent work has found active Wnt signaling in a poorly characterized cell population in the neonatal cochlea 8 . The Axin2-LacZ reporter mouse 9 generates a faithful readout of active Wnt signaling in the cochlea 8 like in other systems 5, 7 . In order to better characterize this population of Axin2-LacZ-positive cells, we modified and combined several established approaches to investigate the role of Wnt signaling in regulating regeneration in the neonatal cochlea.
The use of fluorescence-conjugated substrates to label LacZ-positive cochlear cells prior to cell sorting presents several technical challenges that would not be encountered when sorting fluorescent reporter (e.g., GFP-positive) cells from transgenic mice. We used a known fluorescent substrate of β-galactosidase called 3-carboxyumbelliferyl β-D-galactopyranoside (CUG) 5, 7 . However, this substrate is not specific to the E. coli β-galactosidase enzyme and endogenous murine β-galactosidase can also be labeled in a dose-dependent manner. To maximize substrate specificity, we determined the level of nonspecific labeling by processing wildtype cochleae with the same CUG staining procedure in each experiment. This control experiment is necessary to create a threshold for setting gates used to identify Axin2-high cells, which we defined as the most fluorogenic cells from the Axin2-LacZ cochleae, especially since this protocol typically generates a "shoulder" of LacZ-positive cells (see Figure 1B ''').
Another challenging aspect of this technique is the paucity of cells in the cochlea, making isolation of rare subpopulations difficult. In order to overcome this, we simply increased the number of mice utilized for each experiment (20 to 50 mice). One of the critical steps is therefore to maintain cell viability prior to undergoing the stress of cell sorting. The following three steps were found important in optimizing cell viability: 1) Minimize dissection time: we coordinated a team of dissectors (2-3 people) to shorten the duration of harvesting cells. We routinely completed dissections of 80 cochleae in less than two hours with a team of 3 investigators; 2) Gentle trituration: it is important to perform this step on non-coated 6-well plates using a blunt tip pipette in a gentle manner; 3) Keep dissociated cells on ice: we found that keeping tissues/cells on ice in as many steps as possible improved subsequent cell viability. Gating of viable cells during sorting must remain consistent among different experiments as the final line is selected by the operator. We determined our set value (seen in Figure 2A '') following analysis of more than 500,000 events (data not shown) on one plot where the viable and non-viable cells demonstrate two separate foci on dot plot.
